Mechanistic imperative for the evolution of a metalloglutathione transferase of the vicinal oxygen chelate superfamily.
A number of glutathione (GSH) transferases are now known in prokaryotes and eukaryotes. The enzymes appear to be primarily involved in the metabolism of foreign compounds. At least six distinct classes of soluble GSH transferases have been identified in eukaryotes and named alpha, mu, pi, sigma, theta and kappa. Sequences and the known three-dimensional structures of the soluble enzymes suggest that these proteins share a common ancestry, though the precise details of their evolution remain obscure. A second distinct family of GSH transferases are the microsomal or membrane-bound enzymes that include leukotriene C4 synthase. A third family is represented by a bacterial GSH transferase (FosA) responsible for conferring resistance to the antibiotic fosfomycin, reported some years ago by Suarez and co-workers (Arca et al., Antimicrob. Agents Chemother. 34 (1990) 1552-1556). The enzyme is quite specific for fosfomycin, which contains a very stable epoxide moiety. Evidence is presented that FosA is a metalloprotein related to iron- and manganese-dependent dioxygenases and to glyoxalase I. These enzymes are members of a previously unrecognized group of enzymes; the vicinal oxygen chelate superfamily. The mechanistic imperative driving the evolution of FosA and its relatives, which are enzymes catalyzing quite diverse chemical reactions, is proposed to be the electrophilic assistance provided by the metal through chelation of a substrate or intermediate.